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RESPONSES OF THE SECRETORY COIL OF THE HUMAN
ECCRINE SWEAT GLAND TO CONTROLLED INJURY*
WALTER C. LOBITZ, JR., M.D. AND RICHARD L. DOBSON, M.D.t
The embryonal germ of the human ecerine sweat gland is first observed in
the basal layer of the epidermis during the fifth month of fetnl life. This germ
gives rise to a column, four cells in width, which grows down to the deep portion of
the dermis and then turns upward. The two inner cells of the column become
the luminal cells of the duct and the two outer cells become the basal cells of
the duct. As the secretory coil is formed, the outer cells change abruptly from
basal cells of the duct to myoepithelial cells of the secretory portion of the coil.
The inner cells change abruptly from luminal cells of the duct to secretory cells
of the coil.
One method of studying the growth and development of a structure is to in-
jure it and observe its responses following such injury. When this was done to
the adult human eccrine sweat duct (1) it was realized that the luminal cells are
highly specialized mature cells which cannot undergo mitoses (even though they
can produce "spirals" and are able to perform work during sweat secretion) (2).
The basal cells of the duct, on the other hand, can divide by mitosis and give
rise not only to the specialized lumiaal cells, but also epidermal prickle cells.
Thus they can contribute to epidermal repair.
This study concerns the reactions of the cells of the secretory coil of the adult
human sweat gland to controlled injury. Several unanswered questions prompted
this study. For example, can the secretory cells which are able to undergo mitotic
division convert to luminal cells of a duct? Can myoepithelial cells which are
rarely observed in mitotic activity, become basal cells? In what manner do the
cells of the secretory coil contribute prickle cells to epidermal repair? (This
phenomenon had been previously observed by Sulzberger) (3). Do the cells of
the secretory coil convert first to the structure of a sweat duct and then to epi-
dermis and "epidermal sweat duct units" or can they change directly from "coil"
to prickle cells?
PROCEDURE5
The secretory coil of the human eccrine sweat gland was exposed and injured by remov-
ing a plug of the dermis and its overlying epidermis, 5 mm. in diameter, from the back of a
young adult male (Fig. 1). The initial plugs, as well as subsequent biopsy specimens, were
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removed without anesthesia using the high-speed, motor driven, rotary, 5 mm. punch with
appropriate guard to control the depth of the punch (4). Multiple sites were thus prepared
so that biopsy specimens could be removed at 5 minutes and 1, 2, 3, 4, 5, 7, 10 and 16 days
after the injury. The specimens were fixed immediately in chilled Helley's solution. The
tissue sections were stained with Schiff reagent (5) with and without hematoxylin as a
counter stain and controlled with saliva for the removal of glycogen, and with toluidine
blue buffered at pH 5 controlled with ribonuclease. In addition, some cytoplasmic granules
were observed for fluorescence at wave lengths of 3600 and 4060 A, for anisotropism using
polarized light, and after coloring with Sudan Black.
OBSERVATIONS
The three major stages of repair that had been described in the "burr exper-
iment"(l) also took place here: (1) the stage of degeneration and the preparation
of the environment for the regeneration to follow. This occurred during the
first 48 hours after injury; (2) the stage of active cell migration and proliferation
which took place 3 to 7 days after the injury; (3) the stage of reorganization and
re-orientation of the appendages to the remainder of the regenerating epidermis.
This occurred after 7 days and was complete 16 days following the injury.
The formation of a crust and the responses of the injured and exposed deep
eccrine sweat ducts under the crust were the same as had been previously de-
INJURY TO EXPOSED SECRETORY
COIL OF SWEAT GLAND
FIG. 1. The shaded area represents the amount of tissue removed.
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scribed in all stages. However, the phase of final re-organization was longer in
duration. In addition, the new epidermis was not as neatly oriented as that which
followed simple removal of the epidermis (1) in that there were epidermal acan-
thosis and distorted "epidermal sweat duet units" covering a deeper zone of
fibroblastie proliferation and sear formation.
Unless the secretory coil was directly involved in the injury or subsequently
involved iii or immediately adjacent to the crust formation, there was no maj or
change in its structure. Neighboring secretory cells which maintained their iden-
Fin. 2. 24 hours after iujury. The "large, pale and glycogen-rich cells" (area indicated
by arrows A) are swollen, globular and obliterate the lumen of the coil. The "small, dark
cells" (area indicated by arrows B) are also swollen. (Toluidine Blue pH 5; mag. X 1200)
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FIG. 3. 24 hours after injury. Severe hydropic degeneration and cell death of some secre-
tory cells. The basement membrane of the secretory coil is distinct (arrows) and identifies
the secretory coil. (McManus procedure; mag. X 380)
tity did, however, undergo some cytological changes. At first, we anticipated
some difficulty in differentiating the sweat duct from the secretory coil once
major structural changes developed. The secretory coil, however, was always
easily identified since its external sheath of fibrous and elastic tissue (basement
membrane) stains bright red with the McManus procedure and a glassy green-
blue with toluidine blue. This membrane was quite resistant despite changes
in its environment. The sweat duct has no basement membrane and thus is
easily distinguished.
The tissue removed five minutes after the injury did not present any striking
abnormalities.
Twenty-four hours after the injury, in the cells of the most superficial coils, it
was possible to distinguish between the responses of the "small, dark cells" and
"large, pale and glycogen rich cells" (6). The cytoplasm of the latter became
swollen, globular and obliterated the lumen of the coil (Fig. 2). The metachro-
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FIG. 4. 48 hours after injury. Further degeneration of the "large, pale cells" which have
been sloughed into the lumen of the secretory coil (arrow A). The myoepithelial cells are
prominent (arrow B) with enlarged nuclei. (Toluidine Illue pH 5; mag. 1< 1195)
matiC dust and fine granules were increased in the "small, dark Cells" and they,
too, became swollen (Fig. 2). In some instances the cells in a coil or ill a portion
of it developed severe, hydropic degeneration and died leaving only ghost or
shadow cells surrounded by an intact basement membrane (Fig. 3).
Forty-eight hours after the injury even though there was spiralling in the adja-
cent sweat ducts, the secretory coil was still in the degenerative stage. The
large, pale cells near the crust contained less glycogen. Some of these cells under-
went further degeneration and were sloughed into the lumen of the coil (Fig. 4).
The small, dark cells still contained a fine metachromatic haze at the distal
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FIG. 5. Three days after injury. A tongue of newly formed epithelial cells protrudes
from the secretory coil (arrow A). Mitoses are present in the large, pale, globular cells
(arrow B). (Toluidine Blue pH 5; mag. X 895)
portions of the cells, but less than at 24 hours. There were no Schiff-positive,
non-glycogen granules present (7). The nuclei of the myoepithelial cells were
rounder and thus more prominent (Fig. 4).
Three days after the injury regeneration began in the secretory coil although
there was still evidence of cell death and degeneration. Those large, pale, globular
cells that survived now began to develop mitoses. In such areas, if the external
sheath was not intact, a tongue of newly generated, deeply basophilic and gly-
cogen laden, epithelial cells protruded (Fig. 5).
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FIG. 6. Five days after injury. Conversion of the secretory coil to a spiralling duct (area
between the arrows); note also the mitotic figure. (Toluidine Blue pH 5; mag. X 1060)
Five days after the injury mitotic activity in the secretory coil was at its height.
A mitotic figure was seen in a myoepithelial cell and in a secretory cell with
"reticulated cytoplasm" (2). Multiple types of cell differentiatior were identified
within the same coil, i.e. conversion to a double layered sweat duct without
spirals; conversion to a spiralling duct (Fig. 6); conversion to young epidermal
cells.
At the seventh and tenth days after the injury mitotic activity was much reduced.
Cell differentiation continued. In some secretory coils prickle cells completely
replaced the secretory cells and the lumen and yet were still contained within
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FIG. 7. Seven days after injury. Epithelial cells completely replace the secretory cells
within the basement membrane of the coil. Several prickle cells are seen (arrow). (McManus
procedure; mag. X 2480)
the basement membrane (Fig. 7). Other coils returned to a secretory structure;
and yet even within such coils there were isolated groups of duct cells which
appeared normal (Fig. 8). Some coils even contained two layers of duct cells
resting on enlarged myoepithelial cells in an otherwise normal secretory unit
(Fig. 9).
$ixteen days after the injury epithelialization was complete. A thickened acan-
thotic epidermis rested on a dense band of young fibroblasts and scar. The secre-
tory coils and ducts made their way to the surface through this dense tissue.
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Fin. 8. Ten days after injury. A secretory coil containing groups of normally appearing
duct cells (arrows). (Toluidine Blue pH 5; mag. X 1325)
Some were perfectly normal. Others, though straight, were Still surrounded by
the basement membrane and contained secretory cells and duct cells alternating
in position at various levels (Fig. 10).
From the fifth to the tenth day seemingly uninvolved secretory coils which
were deep and distant from the injury contained blue-green cytoplasmic granules
when stained with toluidine blue (Fig. 11). These granules were not stained by
Schiff reagent or hematoxylin, but were colored with Sudan Black even though
the sections were embedded in paraffin. Ultraviolet light of 3600 or 4060 A did
not produce fluorescence. They were isotropic when viewed with polnrized light.
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FIG. 9. Ten days after injury. Two layers of duet cells resting on enlarged xnyoepithelial
cells in au otherwise normal secretory coil. (Toluidine Blue pH 5; mag. Xl420)
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FIG. 10. Sixteen days after injury. A secretory coil surrounded by its basement mem-
brane containing alternating groups of secretory cells (arrow A) and duet cells (arrow B).
(MeManus procedure; mag. X 1420)
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FIG. 11. Fifth to tenth day alter injury. Cells of the secretory coil distant from the injury
containing cytoplasmic granules (Toluidine Blue pH 5; mag. X 1420)
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FIG. 12. Cells of the secretory coil distant from the injury containing Schiff-negative
granules which are secreted into the lumen of the coil along with a Schiff -positive, non-gly-
cogen colloid-like material. (McManus procedure; mag. X 2120)
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These granules were secreted into the lumen of the coil along xvith a colloid-like,
Schiff-positive, non-glycogen, basophilie material (Fig. 12). This is the first time
we have observed this material in the lumen of the secretory coil (Fig. 11, 12).
DISCU5SION
It was not always possible to determine the exact role of each type of secretory
cell and the myoepithelial cell in the events constituting repair following injury.
Thus, several of the questions that were raised are still unanswered. All the cells
responded with increased mitotic activity by the fifth day after the injury. How-
ever, it was the large, pale cell which was most involved in degeneration and
then regeneration.
In any event, the cells of the secretory coil \vere capable of reverting to cells
of the sweat duct and to epidermal prickle cells. They formed spiralling luminal
cells resembling an "epidermal sweat duet unit" (Fig. 6) and also made basal
and luminal cells of the sweat duct without spiralling (Fig. 8, 10). In addition,
they sent out tongues of new prickle cells which contributed to a new epidermis
(Fig. 5). These cells were identical to the tongues of epithelium produced by
basal cells of the sweat duct (1). If the basement membrane remained intact the
cells of the secretory coil were unable to send tongues of new epithelium to the
epidermis, but still continued to form prickle cells within this connective tissue
sheath (Fig. 7).
Although the response of the cells of the secretory coil of the human ecerine
sweat gland was at times orderly and contributed to epidermal repair, these cells
had so many paths of differentiation after injury (new secretory coil, sweat duet!,
epidermal sweat duet unit, epidermis) that various anomalies were produced.
SUMMARY
The secretory coil of the human eeerine sweat gland was selectively injured
and allowed to regenerate. The phase of degeneration continued for forty-eight
hours after the injury. The phase of regeneration began at three days, reached
its peak at five days and was usually complete by ten days after the injury. Re-
orientation was usually complete sixteen days after the injury.
The cells of the secretory coil have the ability to make new secretory cells,
basal and luminal cells of the sweat duct, a spiralling "epidermal sweat duet
unit", and mature epidermal prickle cells both inside and outside of the coil.
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DISCUSSION
DR. HEEMANN PINKTJS (Detroit, Michigan): This is a beautiful piece of Work
and a nice follow-up to Dr. Lobitz's previous experiments. It is really remarkable
that the secretory coil of the eccrine gland that seems to be so highly specialized
can go back to an undifferentiated state and re-differentiate in a very different
direction. The experiments strengthen the concept of the pluripotentiality and
probably equipotentiality of the adult epithelia of the skin. I found other evi-
dence of the great proliferative capacity of the sweat coil in some tissue culture
experiments in which the deep parts of the corium were explantcd. If the f rag-
mcnts contained sweat coils, these would form large sheets of epithelial cells and
would do so repeatedly even after the first outgrowth was cut away.
Dn. WILLIAM S. MADDIN (Vancouver, Canada): Do the poral openings com-
pletely reform after 16 days? The poral opening on the skin was not demon-
strated.
Dn. FRANZ HERRMANN (New York, N. Y.): Ever since Lobitz and collaborators
began to demonstrate the spectacular events which take place in response to con-
trolled injury of the sweat organ, I have admired these studies; and have been
intrigued particularly by that puzzling phenomenon that the epidermal cellular
elements which are about to wall off the lumen of the new duct, invariably pro-
liferate in spiral form. Experiments of the physicochemists (II. E. Liesegang, Wm.
Ostwald, Wo. Ostwald, a.o.) came to mind, in which "rhythmic precipitation"
or banding is produced upon diffusion of a precipitating agent (e.g. silver nitrate)
into gelatinous systems and formation of a precipitate with other electrolytes
(e.g. chlorides, phosphates or chromates) previously dissolved in the aqueous
medium of the system. In many of these experiments the band-shaped precipita-
tions are continuous—thus assuming a spiral configuration. It appears conceiv-
able that in the previous experiments of Lohitz and collaborators in which the
injury affected the sweat duct only, some tubular secretion preceded the regen-
erative proliferation of the cells forming the ductal lining—and that in the experi-
ments now presented some secretory function of the regenerating tubular cells
might occur as well prior to the ductal repair. Possibly, the ensuing hydrostatic
pressure and its direction contribute toward orientation of the cellular prolifera-
tion; but I believe that a diffusion of certain electrolytes, such as phosphates, or
calcium and/or magnesium salts from the tubular elements into the supernatant
jelly and a precipitating reaction with other electrolytes within this site of repair
may well result in the formation of spiral-shaped "rhythmic" densifications
which then would act as a lead for the proliferating cells. Subsequent re-solution
of the product(s) of reaction is conceivable.
Dn. HERBERT MESCON (Boston, Mass.): This paper that has tremendous
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clinical importance and is even more important in our understanding of the his-
topathology of basal cell tumors and the reporting of them to the clinician. The
paper removed one maj or obstacle in the more complete understanding of the
various phases of differentiation of basal cell tumors from typical basal cells to
those having sebaceous or hair or sweat apparatus in them. It experimentally
demonstrates again the different phases of the same type of cells and by inference
of tumors with more or less differentiations. Our continuing subdivision of basal
cells on the basis that they may contain more or less sweat, sebaceous, hair or
sheet-like structure may be less tenable in light of this last experiment.
DR. RICHARD L. DoBsoN (in closing): I would like to answer Dr. Maddin's
question by saying that the epidermal sweat duet unit is completely reformed
and intact 16 days after injury. We did not perform appropriate experiments so
I do not know whether it is a functioning unit, but it appears to be structurally
intact.
In closing, I would like to thank Dr. Herrmann, Dr. Mescon, Dr. PiDkus and
Dr. Maddin for their most helpful suggestions aud kind comments.
